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Convergence of GDP per Capita Levels within the Countries of the European
Union
Abstract
The process of economic convergence in the EU has been a hotly debated issue since the formation of
this organization. In fact, one of the main “operational priorities” of the EU is to “[promote] sustained
convergence of the economic performance” of its Member States. This paper examines how effective the
EU has been in ensuring upward economic convergence among its member countries: more specifically,
the paper uses linear regression analysis to check whether poorer EU member countries, concentrated in
Eastern Europe, have been growing at faster rates than their richer counterparts, which are concentrated
in Western and Southern Europe.
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Introduction
Convergence, particularly upward convergence, has been a big policy debate
in the European Union in the past couple of decades. The Eurofound, the agency
of the European Union responsible for the betterment of living and working
conditions, defined “upward convergence” as the phenomenon of the “reduction
of disparities between the levels of development of the various regions and the
backwardness of the least favored regions or islands, including rural areas”
(Eurofound, 2018). This paper will be particularly interested in upward economic
convergence, which is defined as the “convergence of Member States towards
better economic outcomes” (European Commission, 2017). I will discuss
convergence in terms of real GDP per capita values in PPP terms, which is the
same as real convergence, or the “convergence in economic performance in terms
of real variables, [which] includes different aspects such as GDP per head and
income …” (Marelli and Signorelli, 2010).
This topic is interesting for several reasons. Firstly, it is a measure of how
effective of a structure the European Union really is: whether it is fulfilling its
purpose or not. According to Eurofound (2018), Article 121(3) of the Treaty on
the Functioning of the European Union, which is one of the two treaties forming
the constitutional basis of the European Union, “states EU’s commitment to ‘…
sustained convergence of the economic performance of the Member States’ as one
of the main operational priorities of the EU”. Thus, determining whether there has
been upward economic convergence within the Member States of the European
Union can help us gauge the effectiveness of this economic and political entity.
Secondly, and perhaps more importantly, “lasting divergence in major outcomes
should be prevented in order to maintain the promise of shared prosperity in the
EU” (Eurofound, 2018). In other words, the sustainability of the Economic and
Monetary Union (EMU) might be in question if most of the Member States are
not benefitting and sharing in the prosperity of the wealthier Member States.
According to Eurofound (2017), “EU membership has led to an improvement
in the average standard of living across all Member States”. This paper will be
examining the issue from a different angle. The question that I pose herein is the
following: Does GDP converge within the present countries of the European
Union since 1991? Before? What determines convergence? I define the term
“present countries of the European Union” to be the set of all countries that are
considered members of the European Union as of November 2021, as well as the
United Kingdom, because this country has been a member of the European Union
(or its predecessor, the European Communities1) from 1981 to 2020, the main
period which I am investigating in this paper.
My analysis has led me to conclude that there was divergence in per
1

For more on European Communities, see Appendix, Table 12.
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capita GDP levels of this set of countries during the period 1981-1990, and
that there was convergence in per capita GDP levels among them during the
period 2001-2010. I partially attribute this change from divergence to
convergence to the dissolution of USSR on December 26, 1991. This event
resulted in the destruction of the “Iron Curtain”, as it were called, which was an
ideological, geopolitical, and economic barrier that persisted between the USSR
and its satellite states of Eastern Europe, and between the open-market economies
of the West. Gaining independence, many of these Eastern European countries,
which were satellite states or members of USSR, joined the EU in large numbers
(mostly in 2004 and 2007). Examples include the Baltic states of Latvia,
Lithuania and Estonia, as well as Bulgaria, Croatia, Slovenia, and others.
Accession to the EU helped these economies to modernize and privatize their
economies and helped them exhibit quick “catch-up” growth as they approached
their Solow model equilibrium state (model discussed in the Theory section).
I make the claim that the destruction of USSR was a factor in convergence of
GDP per capita levels observed among the present Member States of EU by
looking at the growth trajectories of a subset of “Eastern” and “Western”
European countries before and after 1991 in Figure 3. I take the subset of
“Eastern” European countries to consist of former Soviet states and its satellites
that joined the EU in 2004, whereas the subset of “Western” European countries
includes the countries that were in the European Communities (EC) after the 1973
enlargement of the European Communities2.
It is also worthwhile to mention that this paper is not trying to establish
causality – the argument is not that the dissolution of USSR caused Eastern
European countries to achieve their long-run steady state per capita GDP levels in
a short amount of time. Rather, I am noting that the β-coefficient of regression
was positive from 1981-1990 and negative from 2001-2010: thus, there was
divergence in GDP per capita from 1981-1990 and convergence therein from
2001- 2010 among the present Member States of EU. As already mentioned,
much of this paper derives its definitions from Eurofound (2018), which defines
β-divergence as positive values of the β-coefficient, and negative values of the βcoefficient as β-convergence3. A comprehensive discussion of the method used to
analyze the dataset is included in the Estimation, Results – Part1 and Results –
Part 2 Sections of this paper.

2

European Communities (EC) was the predecessor of the European Union. See more information
on EC in Table 12 in the Appendix Section.
3
Refer to Section Literature Review to see why this is the case.
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Literature Review
Convergence in general (and not only in the EU) has been studied in many
publications and papers and there is much economic literature on convergence of
income levels across geographic and/or political entities. Barro and Sala-i-Martin
(1992) introduce a regression of the growth rate vs the logarithm of GDP per
capita based on the theory that countries face diminishing returns to capital as
they grow. Thus, if they have the same capital depreciation rate and the same rate
of population growth, as well as the same total factor productivity and rates of
technological progress, then they will converge to a fixed value of per capita
income in the long run. This research is about convergence in income and product
in the 48 US continental states, but the analysis can be applied to European
countries because most of the aforementioned assumptions hold for them (they
have the same rate of technological progress, total factor productivity,
depreciation rate, etc.).
Barro and Sala-i-Martin (1991) generalize this approach to regions of Europe,
including a rate of convergence β in the regression model. The neoclassical model
of growth is employed in this paper to estimate the rate of convergence β for 73
regions of Europe, 11 of which are in Germany, another 11 in the UK, 20 in Italy,
21 in France, 4 in the Netherlands, 3 in Belgium, and 3 in Denmark. Barro and
Sala-i-Martin (1991) analyze convergence in ten-year intervals, 1950-1960, 19601970, 1970-1980, and 1980-1985, and define different concepts of convergence,
namely, β- and σ-convergence. The kind of convergence that this paper is
concerned about is β-convergence – “the [tendency] of poorer regions to grow
faster than richer regions” (Barro and Sala-i-Martin, 1991). Barro and Sala-iMartin (1991) find remarkable similarity between rates of β-convergence between
the US states and the 73 regions of Europe that they discuss: in both cases, the βcoefficient is around 2%. That is, the rate at which the US states converged in
income in the 20th century (in particular, how the Southern poorer states
approached the income levels of richer Northern states) was similar to the rate at
which these 73 regions of Europe converged in GDP per capita levels. They thus
find that poorer regions of Europe, like many in Southern Italy, “are not being left
behind in the growth process”.
My paper builds on the models employed in Barro and Sala-i-Martin (1991),
and Barro and Sala-i-Martin (1992): it uses a regression in which the natural
logarithm of GDP per capita levels is one of the regressors, and the growth rate of
GDP per capita is the regressand. The focus of my paper is similar to that of the
two previously mentioned ones: gaining information about the regression
coefficient of the natural logarithm of GDP per capita, called the rate of
convergence 𝛽, from a regression model under different specifications.
However, there are key differences between this paper, and Barro and Sala-iMartin (1991) and Barro and Sala-i-Martin (1992). The first key difference is in
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the regressors being used in the respective models: in addition to the natural
logarithm of GDP per capita, this paper uses average number of years of
schooling, average investment levels and average number of years since accession
to the EU as regressors. On the other hand, Barro and Sala-i-Martin (1991) and
Barro and Sala-i-Martin (1992) do not consider average investment levels,
average number of years of schooling, or the average number of years since
accession to a particular union (be it the US for US states or the EU for European
regions of EU Member States), and instead incorporate aggregate shocks into
their model by adding a random aggregate shock variable and a variable
measuring the effect of those shocks on the economy (the aggregate disturbance).
Another key difference between my paper, and Barro and Sala-i-Martin
(1991) and Barro and Sala-i-Martin (1992), is that the latter two try to give an
estimate for the value of the rate of convergence 𝛽 in their models. In contrast,
this paper is much more general and is only concerned with determining the sign
of the coefficient of convergence 𝛽, which is an indicator of whether there was
convergence or divergence observed in economic outcomes, and finding out
whether there is statistically significant evidence to conclude that 𝛽 was different
than 0.
It is also worthwhile to mention that one of the most important reports that I
used before writing this paper was Eurofound (2018). This report defines what is
meant by convergence of economic outcomes and what models the authors have
used to estimate the coefficient of convergence β. Eurofound (2018) uses the
model
𝛥𝑦𝑖,𝑡 = 𝛼 + 𝛽 ln(𝑦𝑖,𝑡) + 𝛾𝑍𝑖,𝑡 + 𝜀𝑖,𝑡 ,

𝑖 = 1, … , 𝑛,

𝑡 = 1, … , 𝑚 ,

where 𝑍𝑖,𝑡 is a vector of potential explanatory variables for country i in period t,
𝑦𝑖,𝑡 is the GDP per capita level for country i in period t, 𝛥𝑦𝑖,𝑡 is the growth rate in
GDP per capita levels for country i in period t, β and γ are regression coefficients,
and 𝜀𝑖,𝑡 is an error term. Eurofound (2018) defines “divergence of economic
outcomes” as positive values of the β-coefficient, and “convergence of economic
outcomes” as negative values of the β-coefficient. The rationale is as follows: if β
> 0, then the relationship between GDP per capita levels and its growth rate is
positive, which implies that richer countries grew faster, and thus there was a gap
generated between rich and poor countries in the period, which corresponds to
divergence in economic outcomes. On the other hand, if β < 0, then the
relationship between GDP per capita levels and its growth rate was negative, so
that poorer countries grew faster than their richer counterparts, and thus the
income gap between rich and poor countries shrank in the period, which
corresponds to convergence in economic outcomes.
Eurofound (2018) uses data on the EU12 Member States: Belgium, Denmark,
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France, Germany, Greece, Ireland, Italy, Netherlands, Portugal, Spain, and the
United Kingdom. It reports that among these countries, there was convergence in
economic outcomes in all the periods 1961-1970, 1970-1980, 1981-1990, 19912000 and 2001-2007, and that there was divergence in 2008-2016. My paper, in
contrast, takes a much broader subset of European countries – in fact, all countries
that are presently in the EU and the United Kingdom (see Appendix, Table 12). I
find that, in fact, there was divergence in economic outcomes in 1981- 1990 in
this broader subset of Member States, and that there was convergence of
economic outcomes in 2001-2010. The choice of the subset has a huge impact on
results, as Eurofound (2018) analyzes only the well-off members of the EU,
whereas I consider the ex-Soviet countries that later joined the EU as well. These
ex-Soviet countries (I also refer to them as “Eastern European” throughout the
paper) had much higher growth rates after the dissolution of USSR (1991), so it is
logical that including them in the analysis would drastically change the results.

Data
Data for this paper was derived from multiple sources. The main source was
the IMF World Economic Outlook Database of October 2021. I used this database
to get data on GDP per capita levels in constant 2017 international dollars (PPP)
and on investment rates in terms of percentage of overall GDP (overall GDP also
in constant 2017 international dollars (PPP)). I selected countries that are
currently part of the European Union, as well as the United Kingdom, as it has
been part of the EU from 1981-2020, the main period of my analysis in this paper.
I used the official website of the European Union to get data on the year of
accession for every country that I will be considering. I also used the website Our
World In Data in order to get data on average years of schooling for every year
from 1981-2020 for each of the countries under discussion. For a more
comprehensive list of variables and the corresponding datasets I used to acquire
them, please see Table 11 in the Appendix.
It would be useful to briefly discuss the units of measurement used for these
variables. GDP per capita is given in the IMF World Economic Outlook Database
in constant 2017 international dollars. “Constant” means that the measure is
expressed in terms of 2017 price levels, so that inflation does not affect the final
value of goods and services produced in the economy in the given time period,
and thus the measure gives us a “real” and not nominal sense of how much was
produced in the country for each year. International dollars are a way to equalize
the purchasing power parity across countries. The value of this imaginary
currency is constructed so that it can buy the same amount of goods and services
that one US dollar can buy in the US in the given period. Because some goods,
and especially services, cannot be traded across borders, there are inherent price
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differences in each country for the same good or service, even though their quality
may be the same. The nominal exchange rate does not capture these price
differences: it only considers bundles of goods and services that are tradable
across borders. In order to give us a better ability to compare living standards
across countries, we have to use a different exchange rate, or use a “common
currency” that has the same purchasing power across borders. International dollars
are an example of the latter.
The units of measurement of the other variables are straightforward. See
Appendix, Table 11 for more information.
Below are summary tables of my dataset. Tables 1 and 2 show the average
GDP per capita levels of Western and Eastern European countries from 19812020, respectively. It is evident that most Western European countries were richer
than most Eastern European countries in this period.
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Table 1.
Average GDP per capita of Western European countries, 1981-2020
Country

Average GDP per capita, 1981-2020
(constant 2017 international dollars)

Austria

44960.98

Belgium

41713.51

Cyprus

30760.03

Denmark

46376.51

Finland

38502.84

France

39280.29

Germany

42780.96

Greece

28143.6

Ireland

45305.67

Italy

39462.2

Luxembourg

87760.73

Malta

28154.15

Netherlands

44703.53

Portugal

27184.45

Spain

32161.6

Sweden

41074.61

United Kingdom

36729.13
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Table 2.
Average GDP per capita of Western European countries, 1981-2020
Country

Average GDP per capita, 1981-2020
(constant 2017 international dollars)

Bulgaria

16123.82

Croatia

21907.95

Czech Republic

31851.99

Estonia

25135.26

Hungary

21914.7

Latvia

19710.16

Lithuania

23765.65

Poland

18272.59

Romania

17365.13

Slovak Republic

22843.96

Slovenia

30490.35

Theory
The basis for this research paper is the neoclassical model of growth
developed by Robert Solow and Trevor Swan in 1956. This model is an
exogenous growth model and depends on the amount of capital, labor, and the
technological level of the economy to explain its growth.
However, whereas only short-run increases in the per capita GDP levels can
be generated by increases in the labor force or the amount of capital, long-run
growth can only be achieved through technological advancement. This model
assumes that there is an underlying capital depreciation rate, called δ, which is
how much resources should be spent repairing broken-down machinery and
recovering other pieces of technology, whether tangible or not. The more a
society accumulates capital, the higher the capital depreciation will be, and the
higher amount of resources the society will spend on repairing depreciated capital.
This depreciation rate, together with a savings rate and a population growth rate
determined exogenously will together determine a long-run steady-state
equilibrium to which a country will converge in the long run. Thus, this model
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predicts that if different countries have similar levels of savings, capital
depreciation and population growth rates, then they will converge to the same
steady-state equilibrium in the long run. Thus, if one country has a lower initial
GDP per capita level than the other, this model predicts that the country with
lower initial wealth will consistently grow at a higher rate than the wealthier
country until it has a similar amount of income compared to the rich country.
This model also assumes decreasing returns to capital, that is, the more capital
a country accumulates, the less productive an additional unit of capital will be on
the margin. What this means is that long-run growth can only be achieved through
technological advancement, not through population growth or capital
accumulation. Developed countries engage in research and development so as to
increase productivity: they are on the technological forefront, and thus they grow
at a slower rate as developing new technologies and new ways of doing things is
costly, both monetarily and in terms of time. These countries are said to be
exhibiting cutting-edge growth. However, developing and less developed
countries can incorporate technologies that are already known in the developed
world, and so they do not have to engage in research and development to grow:
these countries, through incorporating already-known technologies, can grow
faster than their richer counterparts. They are then said to be exhibiting catch-up
growth.
Unfortunately, it is not the case throughout the world that convergence is
observed between rich and poor countries: most poor countries in Sub-Saharan
Africa, for example, fail to exhibit catch- up growth, and thus their economies
remain stagnant for decades with no progress in standards of living (Strauss,
2021). The goal of this paper is to argue that, in fact, after the dissolution of
USSR, the poorer countries of Eastern Europe have been able to exhibit catch-up
growth during the period 2001-2010, and convergence in GDP per capita levels
has been observed among them and their richer counterparts in Western Europe.

Exploring Correlations
Firstly, consider a decomposition of the dataset in terms of ten-year intervals,
where averages for each of the variables “GDP per capita” and “growth rates of
GDP per capita” have been taken for each country over the ten-year periods, to
test convergence for each of the periods 1981-1990, 1991-2000, 2001-2010 and
2011-2020.
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Figure 1.
Relationship of the average growth rate and the natural logarithm of average GDP per
capita levels using 10-year intervals. Individual points represent different Member States
of the EU

Figure 1 shows that there is clearly a negative relationship between the natural
logarithm of average GDP per capita levels and the average growth rate of GDP
per capita, which implies that there should have been convergence in this period.
That is, poorer countries had higher growth rates, whereas richer countries had
lower growth rates in this period. Also, we can notice that there was a positive
relationship between the natural logarithm of average GDP per capita levels and
the average growth rate of GDP per capita in 1981-1990, which hints that there
might have been divergence among the countries in this period, with richer
European countries growing at higher rates than their poorer counterparts. This
makes sense, because during this period, the poor countries of Eastern Europe
were still in the Soviet Union under a socialist centrally planned market regime:
therefore, their growth rates would be comparable to that of USSR, which was
meager compared to the growth rates of the advanced Western European
economies. We can also notice a negative correlation from 2011-2020 implying
convergence, but this is less pronounced. The reason might have been the
Financial Crisis of 2008 that shook the foundations of the EU.
Another clear pattern we can see is that, in 1981-1990, red points were located
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to the bottom-left of the best fit line, whereas blue points were located to the top
right of it. This is consistent with the narrative of this paper: before 1990, Eastern
European countries (represented by red dots on the graph), as defined by their
affiliation with USSR, had less chances of growth because of the socialist
centrally planned market regime that persisted there until 1991: thus, their
average GDP per capita levels and their growth rates were lower compared to the
advanced Western European economies. Thus, there was divergence of economic
outcomes amongst the present Member States of EU, with the poorer Eastern
European countries growing more slowly than their richer Western counterparts.
On the other hand, in 2001-2010 and 2011-2020, the pattern is reversed: the red
data points lie to the upper-left of the best-fit line, whereas the blue data points lie
to the bottom-right of the best fit line. This is also consistent with my narrative, in
that after 2000, when most of the ex-Soviet Eastern European countries
(represented by red dots in Figure 1) joined the EU, their average growth rates
were higher than those of the rich Western European countries, implying that
poorer European countries were catching up with richer ones during these tenyear periods in terms of economic outcomes (by which I mean the growth rates of
GDP per capita levels). Of course, this graph is far from irrevocably proving my
narrative, but it is one testimony to its validity.
Next, I consider 5-year intervals to understand whether convergence has been
observed during the period under discussion (1981-2020). Note that I also use the
predicted GDP per capita values (constant 2017 international dollars) for the years
2021-2025 from the IMF World Economic Outlook Databases to inquire into
whether convergence will be observed among the current Member States of the
EU during this 5-year interval, according to the predictions of the IMF.

Published by Digital Commons @ IWU, 2021

11

Undergraduate Economic Review, Vol. 18 [2021], Iss. 1, Art. 11

Figure 2.
Relationship of the average growth rate and the natural logarithm of average GDP per
capita levels using 5-year intervals. Individual points represent different Member States
of the EU

Figure 2 shows that there is a strongly positive correlation between the
average GDP per capita growth rates of the Member States and the natural
logarithm of their average GDP per capita levels in the period 1986-1990. As
defined by the Eurofound (2018), this might imply that there was divergence in
economic outcomes of the Member States in this period, as richer countries grew
more rapidly during this period than their poorer counterparts. Zooming in more
closely on this interval, we notice the characteristic pattern that was observed in
Figure 1: poorer Eastern European countries had lower growth rates, and richer
Western European countries had higher growth rates during the period 19861990. This is again consistent with the narrative that being in the Eastern Bloc
(USSR and its satellite states in Eastern Europe) had a negative impact on the
ability of poorer Eastern European countries to exhibit catch-up growth and
approach the levels of GDP per capita observed in richer Western European
economies (see Appendix, Table 12 to learn more on how I define “Eastern” and
“Western” European). On the other hand, this pattern reverses dramatically in
each of the 5-year periods starting from 2001-2005: here, we see that the red data
points are to the upper left of the best fit line, whereas the blue data points are to
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the lower right. This means that poorer Eastern European countries (red dots), on
average, grew more rapidly in each of these five-year periods compared to the
richer Western European countries (blue dots). Thus, the best fit line has a
negative slope, indicating a negative correlation between the natural logarithm of
GDP per capita levels and the average growth rates of the GDP per capita levels
during the 5-year periods. This is how Eurofound (2018) defined convergence of
economic outcomes: a negative correlation coefficient between GDP per capita
levels (or the natural logarithm of it) and the average growth rates of GDP per
capita. We can also see this same pattern for the period 2021-2025, which was
derived based on the predictions of the IMF about the GDP per capita levels of
the Member States during these periods. As can be seen, the correlation is
negative in this case as well, indicating convergence between the Member States,
with the poorer Eastern European countries exhibiting higher growth rates than
their richer Western counterparts.
Finally, I will look at the average growth trajectory of a subset of Eastern
European countries and compare it to the average growth trajectory of a subset of
Western European countries. Refer to Table 3 for the subsets of Eastern and
Western European countries used for this analysis.
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Table 3.
Subsets of Eastern and Western European countries used for the construction of Figure 3
Western European Member
Eastern European
States of the EUthat joined
Member States of the EU the European Communities4
that joined the EU in 2004
in 1973 or earlier
Czech Republic

Belgium

Estonia

Italy

Hungary

France

Latvia

Luxembourg

Lithuania

Netherlands

Poland

Germany5

Slovak Republic

Denmark

Slovenia

Ireland
United Kingdom

The subsets used here are not random: I chose the subset of Eastern European
countries to consist of all those countries that joined the EU on May 1, 2004. I did
this to control for the number of years since accession to the EU, as there might
have been a positive correlation between the number of years that a poorer
developing country had been in this economic union and the gains accrued from it
during those years. The subset of Western European countries is not random as
well: I chose the countries that had joined the European Communities (EC) before
the decade of 1980, when my data begins. This makes sense, as the countries that
joined the European Communities (EC) before 1980 were the richer Western
democracies that already had advanced economies and were similar in terms of
GDP per capita levels and average standards of living. The last enlargement of the
European Communities (EC) before the start of the eighties took place in 1973, so
I take all the countries that joined the EC before and during the 1973 expansion to
be the subset of Western European countries that I analyze below.
4
5

European Communities was a predecessor of the European Union. See Appendix for more.
I take Western Germany to represent Germany until the reunification of Germany in 1990.
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Figure 3.
Average growth rates of subsets of Eastern and Western European countries, 19812025.Values from 2020 to 2025 are projections of the IMF

I use Figure 3 to discuss the average growth paths of these subsets of
European countries from 1981 to 2020. The horizontal line on year 1991 indicates
the date of the dissolution of USSR. Before and after 1991, there was not a
dramatic change in the trend of the growth of Western European countries,
indicated by the blue line: the trend line before 1991 and that after 1991 have
approximately identical slopes. However, it is evident that there was a dramatic
increase in the slope of the trend line of the growth path of Eastern European
countries, indicated by the red line: in fact, before 1991 Western Europe was
growing much faster, whereas after 1991 we can see that the lines are
approximately parallel to each other. This figure is also consistent with the
narrative that the dissolution of USSR enabled many Eastern European countries
that were in the Eastern Bloc to attain sustainable growth paths comparable to
those in Western Europe in the decades after gaining independence.
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Estimation
As mentioned in the introduction, there are many types of convergence that
different authors use. This paper is concerned with β-convergence – “the
[tendency] of poorer regions to grow faster than richer regions” (Barro and Sala-iMartin, 1991). It is important to note that this paper does not try to establish
causality between GDP growth rates and GDP per capita levels: rather, I am
trying to determine periods during which the correlation between these variables
was positive, and periods during which it was negative.
I will use the ordinary least squares regression under different specifications
to find periods in which convergence or divergence was observed. My dataset
spans from 1981 to 2020, and in some cases I include the IMF projections for
years 2021-2025.
According to Eurofound (2018), I will use the following model to test for
convergence in a given time period:
𝛥𝑦𝑖,𝑡 = 𝛼 + 𝛽 ln(𝑦𝑖,𝑡) + 𝛾𝑍𝑖,𝑡 + 𝜀𝑖,𝑡 ,

𝑖 = 1, … , 𝑛

where 𝑦𝑖,𝑡 is the average GDP per capita of country 𝑖 in period 𝑡 (constant 2017
international dollars), 𝛥𝑦𝑖,𝑡 is the average growth rate of GDP per capita of
country 𝑖 in period 𝑡 (%), 𝑍𝑖,𝑡 is a vector of other potential explanatory variables, β
is the coefficient of convergence, and 𝜀𝑖,𝑡 is an error term. We are particularly
interested in the sign of the convergence coefficient β: a positive β-coefficient
indicates divergence, and a negative β-coefficient indicates convergence. This is
because a positive β-coefficient indicates a positive relationship between GDP per
capita levels and its growth rates, so that richer countries grow faster than poorer
ones, the income gap between the rich and poor countries increases, and
divergence in economic outcomes is observed. Conversely, a negative βcoefficient would indicate poorer countries catching up with richer ones in terms
of income, which corresponds to convergence in economic outcomes.
I will use the aforementioned model under different specifications in order to
verify robustness of results obtained. More concretely, I will be using three
specifications of this regression model:
1) 𝛥𝑦𝑖,𝑡 = 𝛼 + 𝛽 ∗ ln(𝑦𝑖,𝑡) + 𝜀𝑖,𝑡 ,

𝑖 = 1, … , 𝑛,

where 𝑦𝑖,𝑡 is the average GDP per capita of country 𝑖 in period 𝑡 (constant 2017
international dollars), 𝛥𝑦𝑖,𝑡 is the average growth rate of GDP per capita of
country 𝑖 in period 𝑡 (%), β is the coefficient of convergence, and 𝜀𝑖,𝑡 is an error
term. This is the simplest possible specification with only one regressor – the
natural logarithm of average GDP per capita of country 𝑖 in period 𝑡 (constant
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2017 international dollars).
2) 𝛥𝑦𝑖,𝑡 = 𝛼 + 𝛽1 ∗ ln(𝑦𝑖,𝑡) + 𝛽2 ∗ Ii,t + β3 ∗ Si,t + 𝜀𝑖,𝑡,

𝑖 = 1, … , 𝑛,

where 𝑦𝑖,𝑡 is the average GDP per capita of country 𝑖 in period 𝑡 (constant 2017
international dollars), 𝛥𝑦𝑖,𝑡 is the average growth rate of GDP per capita of
country 𝑖 in period 𝑡 (%), 𝛽1 is the coefficient of convergence, Ii,t is the average
level of investment of country 𝑖 in period 𝑡 (% of GDP), Si,t is the average number
of years of schooling of country 𝑖 in period 𝑡 across all educational levels and for
people 25 years and older, 𝛽2 and β3 are the regression coefficients of Ii,t and Si,t
respectively, and 𝜀𝑖,𝑡 is an error term.
3) 𝛥𝑦𝑖,𝑡 = 𝛼 + 𝛽1 ∗ ln(𝑦𝑖,𝑡) + 𝛽2 ∗ Ii,t + β3 ∗ Si,t + 𝛽4 ∗ 𝐴𝑖,𝑡 + 𝜀𝑖,𝑡,
𝑖 = 1, … , 𝑛,
where 𝑦𝑖,𝑡 is the average GDP per capita of country 𝑖 in period 𝑡 (constant 2017
international dollars), 𝛥𝑦𝑖,𝑡 is the average growth rate of GDP per capita of
country 𝑖 in period 𝑡 (%), 𝛽1 is the coefficient of convergence, Ii,t is the average
level of investment of country 𝑖 in period 𝑡 (% of GDP), Si,t is the average number
of years of schooling of country 𝑖 in period 𝑡 across all educational levels and for
people 25 years and older, 𝐴𝑖,𝑡 is the average number of years since accession to
the EU of country 𝑖 in period 𝑡, 𝛽2, β3 and 𝛽4 are the regression coefficients of Ii,t,
Si,t and 𝐴𝑖,𝑡 respectively, and 𝜀𝑖,𝑡 is an error term.
The reader can notice that all these variables are averages across some periods
of time. Firstly, I use ten-year time intervals: 1981-1990, 1991-2000, 2001-2010
and 2011-2020, such that 𝑡 = 1, 2, 3, 4 in the regression equations. Thus, all
variables are ten-year averages in these models.
Secondly, I divide the period from 1981 to 2020 into 8 subintervals of 5 years,
with subintervals 1981-1985, 1986-1990, 1991-1995, and so on, such that 𝑡 = 1,
2, … , 8 in these models. In the case of regression 1), I also use the IMF
projections and incorporate a ninth subinterval from 2021-2025. As projections
were not available for variables other than GDP per capita, regressions 2) and 3)
just have 8 subintervals instead of 9. This amounts to 6 regressions, 3 with 10year intervals and 3 with 5-year intervals, each corresponding to one of the
models 1) – 3) discussed above.
I was careful in the choice of other explanatory variables. Eurofound (2018)
suggests that the investment-to-GDP ratio and the year of EU accession may play
a significant role in the determination of GDP per capita growth rates, and so both
variables were included in at least one of the models 1) – 3). It was also discussed
how average number of years of schooling might be a potential explanatory
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variable for the growth rates of GDP per capita (Strauss, 2021), and thus this
variable was incorporated into at least one of the models 1) – 3) as well.

Assumptions of the OLS Model
In this section I will address each of the assumptions that need to be made for
the model specified in the previous section to be reasonable.
1) Linearity – the dependent variable 𝛥𝑦𝑖,𝑡 is a linear function of the
independent variables, the natural logarithm of average GDP per capita 𝑙𝑛(𝑦𝑖,𝑡),
the average investment level Ii,t , the average number of years of schooling Si,t and
the average number of years since accession to the EU, 𝐴𝑖,𝑡, plus an error term 𝜀𝑖,𝑡.
Figure 4.
The natural logarithm of average GDP per capita vs the average growth rate of GDP per
capita

Note: Some of the outliers have been omitted before generating the graph
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Figure 5.
The average level of investment vs the average growth rate of GDP per capita

Note: Some of the outliers have been omitted before generating the graph
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Figure 6.
The average number of years of schooling vs the average growth rate of GDP per capita

Note: Some of the outliers have been omitted before generating the graph
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Figure 7.
The average number of years since accession to the EU vs the average growth rate of
GDP per capita

Figures 4-7 show a plot of each of the independent variables on the x-axis vs
the dependent variable 𝛥𝑦𝑖,𝑡 on the y-axis. In Figures 4, 5 and 7, we can see a
linear correlation, so assumption 1) is reasonable for 𝑙𝑛(𝑦𝑖,𝑡), Ii,t and 𝐴𝑖,𝑡. In
Figure 6, there appears to be no correlation at all between Si,t and 𝛥𝑦𝑖,𝑡 . It is also
true that we cannot see any other form of correlation between these two variables
(for example, quadratic, exponential, etc.). The closest approximation to this set
of points is a straight line.
1) No perfect multicollinearity
This condition will be breached if any two of the independent variables have a
correlation coefficient of 1 or -1.
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Table 4.
Correlation coefficients of each pair of independent variables.

𝑙𝑛(𝑦𝑖,𝑡)
𝑙𝑛(𝑦𝑖,𝑡)

Ii,t

Si,t

𝐴𝑖,𝑡

-0.188

0.362

0.740

-0.124

-0.350

Ii,t

-0.188

Si,t

0.362

-0.124

𝐴𝑖,𝑡

0.740

-0.350

0.286
0.286

Note: Diagonal blocks are shaded as only different pairs are relevant in this analysis.

Table 4 represents every possible combination of different independent
variables. None of them have correlation coefficients that are close to 1 or -1,
indicating that the assumption of no perfect multicollinearity is reasonable to
make in this dataset. The only pair for which the correlation coefficient is close to
1 is 𝑙𝑛(𝑦𝑖,𝑡) and 𝐴𝑖,𝑡.
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2) Homoskedasticity
Figure 8.
Residual plot under specification 1) of the model (see Section Estimation)
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Figure 9.
Residual plot under specification 2) of the model (see Section Estimation)
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Figure 10.
Residual plot under specification 3) of the model (see Section Estimation)

Figures 8-10 demonstrate residual plots for each of the specifications 1) – 3)
of the model. None of them have a cone-like structure and all of them have
approximately a rectangular shape, ignoring a few outliers. Thus,
homoskedasticity is a reasonable assumption to make for this dataset, given
specifications 1) – 3) of the model. This is the most essential assumption for my
model, as I am interested not in the particular value of the convergence coefficient
β, but whether there is statistically significant evidence to assert that it is negative
or positive. Negative β-values mean convergence, and positive β-values mean
divergence of economic outcomes. Thus, under the assumption of
homoskedasticity, I can accurately gauge statistical significance for whether the
convergence coefficient is different than 0, which is the main goal of this paper.
3) Exogeneity
Finally, an important assumption of the OLS model is exogeneity. However,
this is not a relevant concern for this paper: my goal in this paper is to gauge
whether there is statistically significant evidence to suggest that the convergence
coefficient is positive or negative. If exogeneity does not hold, this will affect
the exact value of the convergence coefficient β, making it biased. However, the
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goal of this paper is not to find out the exact value of the coefficient β. In fact,
there may be reason to believe that there is endogeneity in this data: for
example, there might be reverse causality from the growth rates of GDP per
capita to the average number of years of schooling, or the average investment
rates. However, as already mentioned, the goal of this paper is to gauge
statistical significance in hypothesis testing, and the main concern for this is
homoskedasticity, which was discussed above.

Results – Part 1
Table 5.
Regression using model 1) (see Section Estimation), with four ten-year intervals

Using model6 1) with ten-year intervals, we get a statistically significant (at
the 10% level) and positive coefficient of convergence for the period 1981-1990
and a statistically significant (at the 1% level) and negative coefficient of
convergence for the period 2001-2010. This model implies that there was a
divergence of economic outcomes observed among the present Member States of
the EU in 1981-1990 and a convergence of economic outcomes observed in 20012010. The exact values of the β-coefficient may be biased because of endogeneity,
and the exact values of this coefficient is not what we are looking for: rather, we
are trying to establish that the β-coefficient was different than 0, and the sign of it
will inform us whether there was convergence or divergence observed among the
present Member States of the EU during the given period. Thus, at the 10%
significance level, Table 5 tells us that there was divergence in the period 19811990, and that there was convergence in 2001-2010 at the 1% significance level.
Note that this model is the simplest one possible, with the response variable being
In the Results section (Part 1 and Part 2), I use the terms “model” and “specification”
interchangeably. They both refer to equations 1) – 3) in the Estimation Section.
6
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the average growth rate of GDP per capita and the regressor being the natural
logarithm of average GDP per capita levels during the given periods.
Table 6.
Regression using model 2) (see Section Estimation), with four ten-year intervals

Table 6 shows the results of model 2) when it was employed with four 10-year
intervals. This Table tells us that the coefficient of convergence was positive at
the 1% significance level in the period 1981-1990, and that it was negative in the
period 2001-2010 at the 1% significance level and negative in the period 20112020 at the 5% significance level. Thus, this model tells us that there is
statistically significant evidence that divergence in economic outcomes was
observed among the present Member States in the period 1981-1990, and
convergence was observed in periods 2001-2010 and 2011-2020. The results for
periods 1981-1990 and 2001-2010 coincide with those of Table 5. For the period
2011-2020, the coefficients were negative in both Table 5 and Table 6: however,
Table 5 did not produce statistically significant results for this period.
Both Table 5 and Table 6 have positive coefficients of convergence for 19912000 that are nevertheless statistically insignificant.
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Table 7.
Regression using model 3) (see Section Estimation), with four ten-year intervals

Finally, Table 7 shows the results of regression using model 3) with four tenyear intervals. This Table indicates that there was statistically significant evidence
(at the 5% significance level) that the coefficient of convergence was positive in
1981-1990 and that it was negative (at the 1% significance level) in 2001-2010.
The result for the coefficient of convergence in 2011-2020 was negative but
statistically insignificant using this specification of the model. In 1991-2000, the
result for the coefficient of convergence was positive but statistically
insignificant. This specification of the model thus tells us that there was
statistically significant divergence in 1981- 1990 and convergence in 2001-2010,
and thus agrees with the results in Table 5 and Table 6. It also agrees with the
results in Table 5 and Table 6 in that the coefficient of convergence for 19912000 was positive but statistically insignificant.
Summarizing, we can see that the results for periods 1981-1990 and 20012010 are robust across all three specifications of the model: all three of them
indicate statistically significant divergence in economic outcomes between the
present Member States in 1981-1990 and convergence in 2001-2010.
Additionally, we get statistically significant convergence in 2011-2020 from
Table 4 at the 5% significance level: however, this result is not robust across the
three specifications. It is also worthwhile to note that none of the specifications
produce statistically significant results for the period 1991-2000, although all of
them give a positive coefficient of convergence (which is equivalent to
divergence of economic outcomes between the present Member States of the EU).
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Results – Part 2
Table 8.
Regression using model 1) (see Section Estimation), with nine five-year intervals

Part 2 of this section summarizes the results obtained from employing models
1) – 3) (see Section Estimation) using five-year intervals. Table 8 summarizes the
results obtained from model 1). According to Table 8, this specification produces
a statistically significant (10% significance level) positive coefficient of
convergence for the period 1981-1985, and negative coefficients of convergence
for periods 2001-2005 and 2006-2010 (both at the 1% significance level). Thus,
Table 8 implies a divergence of economic outcomes among the Member States in
1986-1990, and convergence in 2001-2005 and 2006-2010. This Table is the only
one that includes an estimate for the regression coefficient for the period 20212025, based on IMF predications on GDP per capita levels of these countries. It
gives a negative correlation at the 1% significance level, predicting convergence
of economic outcomes between the present Member States of the EU in the
coming four years. This Table is consistent with results obtained from Part 1 of
the Results Section, which argued for convergence in 2001-2010 and divergence
in 1981-1990.
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Table 9.
Regression using model 2) (see Section Estimation), with eight five-year intervals

Table 9 shows results obtained from using the second specification of the
model with eight 5-year intervals. This model, as the previous one, renders
statistically significant results for periods 1986-1990, 2001-2005, and 2006-2010.
It argues for divergence (positive β-coefficient) in 1986-1990 at the 5%
significance level and convergence in 2001-2005 and 2006-2010 at the 1%
significance level. Unlike Table 8, this specification also produces a statistically
significant result for 2016-2020: it argues for convergence (negative βcoefficient) during this period at the 1% significance level.
Table 10.
Regression using model 2) (see Section Estimation), with eight five-year intervals
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Finally, Table 10 shows the results of regression obtained by employing
model 3) with eight 5- year intervals. This model, unlike the previous two, does
not produce a statistically significant result for the period 1986-1990: however, it
does produce a positive coefficient of convergence for 1981-1985, significant at
the 10% significance level. As Tables 8 and 9, this model also produces
statistically significant negative coefficients of convergence for periods 20012005 and 2006-2010 at the 1% and 5% significance levels, respectively. This
model, unlike that in Table 9 and like that in Table 8, does not produce
statistically significant results for the period 2016- 2020.
Summarizing results obtained in Part 2, we can see that results are robust
across specifications for periods 2001-2005 and 2006-2010: all three 5-year
interval models agree that there was convergence in economic outcomes between
present Member States of the EU during these two periods. Also, two of the
specifications produce statistically significant divergence in 1986-1990, while one
of them produces statistically significant divergence in 1981-1985. Combining
these results with those obtained in Part 1, we see that the results agree with each
other: all five-year specifications of the model produce statistically significant
convergence in both 2001-2005 and 2006-2010, which agrees with all ten-year
specifications from Part 1, which produced statistically significant convergence
for 2001-2010 that was robust across all specifications of the model. As well, we
see that the three 5-year interval specifications of the model produce divergence
for at least one of the periods 1981-1985 and 1986-1990, which agrees with the
result from Part 1 – that is, divergence in economic outcomes among the present
Member States of the EU in 1981-1990 that was robust across all specifications of
the model.
The narrative that I am trying to convey in this paper is intuitive. Before 1991,
the countries in the EU (or rather, the predecessor of EU, the European
Communities) were the Western European “advanced” economies, which were
already at the forefront of economic frontier and were exhibiting cutting-edge
growth. Thus, there was divergence between them and the countries in the East
which would later join the EU (Western Europe was growing at the rates
consistent with cutting-edge growth, and Eastern Europe was growing stagnantly
because of socialist governments and centrally planned economies). After 1990,
the dissolution of USSR enabled the poorer Eastern European countries to
modernize their economies and adopt democratic institutions. Their joining the
EU enabled them to access the advanced markets of Western Europe and have
more exposure to modern technologies and institutions, and thus these less
advanced economies were able to exhibit quick catch-up in the coming decades,
and so there was convergence in income levels between the current EU countries,
as predicted by the Solow Model (discussed in the Theory Section). Participating
in the EU enabled these countries to quickly approach their long-run steady-state
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Solow equilibrium during the decade 2001-2010, where all econometric models
showed convergence in economic outcomes among the present Member States.
Indeed, Figure 3 shows that before 1991, a subset of present Member States (all of
which joined the EU in 2004) that were in the Eastern Bloc at that time exhibited
stagnant growth compared to Western Europe. After 1991, however, the growth
trajectory of this subset of Eastern European countries increased dramatically,
leading us to believe that the dissolution of USSR had a role in convergence of
economic outcomes among the present Member States of EU.
Further research would be able to concentrate on eliminating endogeneity
concerns so that estimations can be given with a confidence interval about the
exact value of the coefficient of convergence β. There might be reverse causality
from GDP growth rates to average investment levels: investors who see an
economy with high growth rates might be tempted to make investments in that
specific country rather than one with lower GDP growth rates. This is one
amongst many considerations that has to be taken into account to rule out
endogeneity. As well, it would be interesting to extend this model with its
specifications described in the Estimation Section to all the countries on the
European continent, and not just the ones that are present members of the EU: it is
highly likely that convergence will be more evident in this extended subset of
European countries, as Eastern European countries like Ukraine and Belarus
(which are not present member states of EU) saw dramatic increases in standards
of living after the dissolution of USSR but were not included in this study as they
are not and have not ever been part of the EU.
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Appendix
Table 11.
Data points of interest
Variable

Meaning of Variable

Source
IMF World Economic Outlook Database,

The real (inflation-adjusted) value of
GDP per

goods and services produced per

capita

October 2021 (By Countries)

person each year, adjusted for

Link:

(constant 2017

domestic prices to equalize for

https://www.imf.org/en/Publications/WE

international

purchasing power (PPP), in terms of

O/weo- database/2021/October/download-

dollars)

2017 international dollars7

entire- database
IMF World Economic Outlook Database,

Value of investment into a whole
range of technology which increase
productivity (for example,

Investment rate

machinery), expressed as a
percentage of overall GDP

October 2021 (By Countries)
Link:
https://www.imf.org/en/Publications/WE
O/weo- database/2021/October/downloadentiredatabase

The year in which a given current
Member State of the EU joined the
Year of Accession

The Official Website of the European
Union Link:

Union (or its predecessor, the European

https://european-

Communities)

union.europa.eu/principles- countrieshistory/country-profiles_en?page=0

Average Years of
Schooling

Total number of years of schooling of

Our World In Data

citizens in a country across all

Link:

education levels, for the population
aged 25+, divided by the total
population of the country

7

https://ourworldindata.org/
global-education#years-ofschooling

See Data Section for more on international dollars.
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Table 12.
Special terms used in this paper
Term

Description
A set of three international institutions that were governed by the same
entity. It consisted of the European Coal and Steam Community, the

European Communities

European Atomic Energy Community and the European Economic
Community. It was dissolved in 2009 by the Treaty of Lisbon, with the
European Union becoming its legal successor (European Communities,
n.d.).

I define present Member States to be the set of all countries that were
considered members of the European Union, plus the United Kingdom. I
Present Member States

include the United Kingdom in this set because it exited the EU in 2020,
and my analysis includes the period 1981-2020, so the UK was in the
EU for the duration of the period of my analysis.

I define “Eastern Europe” to refer to the set of all present Member States
that were in USSR or were a satellite country of USSR prior to the
collapse of the Soviet Union. This includes all the “Eastern Bloc”
Eastern and Western European

countries: generally, “Eastern European” countries had less advanced
economies because of socialist political regimes and centrally planned
economies. I define “Western European” to be the set of all present
Member States that were not “Eastern”, as defined
above.
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Term

Description
In this paper, I used an Ordinary Least Squares regression to
determine the correlation between the growth rates of GDP per capita
and initial GDP per capita levels. Theory predicts that poorer
countries with lower GDP per capita levels should have higher
growth rates. Thus, a negative β- coefficient in the regression

Divergence/convergence of
economic outcomes

indicates that GDP per capita and its growth rates were negatively
correlated: that is, poorer countries grew faster. This indicates
convergence of economic outcomes. On the other hand, if the
coefficient of convergence β was positive, this means that poorer
countries grew slower than richer ones: this indicates divergence of
economic outcomes.
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